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HIGH TECHNOLOGY TRAINING MODULE

TITLE - "Electromechanical Troubleshooting"

Description- The Electromechanical Troubleshooting module
fits into a course called Electromechanical
Systems and Robotics. This is a fourth
semester, technical college course for
Electromechanical Technology majors. The course
takes a systems approach to teaching automation
and robotics. The module is a response to
industry's request for technicians that can
troubleshoot systems and use sound reasoning to
solve problems.

The module will also be used in course called
Automation Systems. This is an elective course
for Electronics and Laser students.

Before the module is attempted, the student must
have demonstrated a fundamental knowledge of
Ladder Logic, PLC operation and programming, and
the operation of the test machine, a pneumatic
robot. The student must also be familiar with
the use of test equipment.

Name- Jim Tucker, Electromechanical Instructor

School- Northcentral Technical College
Wausau, Wisconsin

Module
Objective- Given correct documentation and a voltmeter, and

a PLC progrmming station, students will locate
and repair a defect in a Programmable Logic
Controller (PLC) operated machine. They will be
evaluated as to the method used, organization
and time required. Finally, the student will
write a report of the procedure.



CONTENT OUTLINE

TROUBLESHOOTING AN ELECTROMECHANICAL SYSTEM

I. Safety Procedures.

A. Neccessity of working on energized circuits.

1. What ifs involved with a hot circuit.

2. Need to be able to predict the actions of
the machine.

B. Safety procedures for protection of the machine and
the troubleshooter.

1. Safety glasses.

2. One hand in pocket.

3. Don't energize any switches or sensors just to
"see what would happen".

4. Correct use of meters.

5. Working with a partner.

6. Consequences of using the PLC "Force" mode.

II. Determining Normal System Operation.

A. Correct documentation.

1. Schematic diagram of the system.

2. PLC ladder diagram.

3. Drum program.

4. Sequence or timing chart.



III. Determining Point of System Failure.

A. Operate system while viewing PLC in monitor mode.

B. View inputs and outputs while the system operates.

C. Determine the point at which the systems deviates
from expected operational sequence.

D. Record results.

IV. Analyze data.

A. Compare actual results with expected results.

B. List possible causes of the problem.

1. Hardware.
2. Software.
3. Interface.
4. Power.
5. Mechanical.

C. Determine most likely cause.

D. Record this determination.

V. Use PLC over-ride to confirm determination.

A. Force contact?

B. Force coil?

C. Analyze result.

VI. Did something occur to change drum data?

VII. Repair.

A. Tighten loose connection.

B. Repair or replace faulty part.

C. Realign or adjust limit sensors.

D. (For the purposes of this exercise fault switches are
turned off to restore correct operation.)



VI. Verification of repair.

A. Run process viewing system in PLC monitor mode.

B. Compare actual operation with predicted operation.

C. If actual and predicted operation are the same,
consider repair a success. If a problem still exists,
redo Step IV.

VII. Troubleshooting report.

A. Fill out troubleshooting report.

1. Name.
2. Date.
3. Machine name and number.
4. Analysis of problem.
5. Corrective action taken.
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STUDENT ACTIVITIES

I. Take Pretest.

A.Results of Pretest are not discussed with students.

II. Read Rexford Chapter 15, "Troubleshooting".

III. Read Westinghouse PC-1100 Systems Manual Section 8
"Troubleshooting".

IV. Attend a lecture/demonstration on troubleshooting.

V. Using the worksheet supplied, perform lab exercise.

A. Determine correct system operation.

B. Determine current operation of defective system.

C. Analyze data.

D. Identify the defect.

E. Repair circuit. (This will be simulated since the
defect is actually a fault switched in by the
instructor.)

6. Complete troubleshooting report.

7. Take Post Test. Same as pretest. (May be different)

8. Fill out evaluation from Stout.



METHODOLOGY

1. P:epare Pretest/Post test on troubleshooting.

2. Prepare for presentation a lecture on troubleshooting.

3. Write a troubleshooting assumptions and procedureshandout.
(Summery of lecture.)

4. Write a troubleshooting worksheet.

5. Design and setup a machine process using a PLC and apneumatic trainer. Hidden switches will be used to insertsystem faults. Interface the PLC system with an electricrobot.

6. Determine the correct operational sequence under workingconditions.

7. Develop a troubleshooting report form.

8. Develop a student evaluation form.

9. Gather together all documentation that is required totroubleshoot the system. Include; programs, ladderdiagrams, wiring and connector charts, and operationalsequences.



RESOURCES

Author: Kenneth B. Rexford

Title : Electrical Control For Machines, 3rd edition

Source: Delmar Publishers Inc., 1987

Author: Westinghouse Electric Corporation

Title : Numa-Logic PC-1100 Micro Programmable ControllerSystems Manual

Source: Westinghouse Electric Corporation, 1983

Author: Ahlers, R.H. and others

Title : Special Issue on Special Systems for Department ofDefense Training.

Source: Journal of Computer Based Instruction; v13 n2 p2-61Spring 86

Author: Morrow, Rick and Humler, John

Title : Applied Industrial Electronics: Power Control and
Electronic Troubleshooting.

Source: Oklahoma State Board of Vocational and TechnicalEducation, Stillwater. Curriculum and InstructionalMaterials Center. 1985

Author: Knerr, Bruce and others
Title : Computer-based Simulations for Maintenance Training:Current ARI Research. Technical Report 544.

Source: Army Research Inst. for the Behavioral and SocialSciences, Alexandria, Va. 1979



Author: Swanson, Richard A. and Sisson, Gary R.

Title : Analysis of Process and Trout,'!eshooting Work
Behavior.

Source: Performance and Instruction Journal, 1983, Vol. 22,#2
Pg-19-22

Author: Long, William E.

Title : Getting Started in Electronic Troubleshooting.

Source: Reston Publishing Co. Inc., 1979.

Author: Woods, Donald R.

Title : Novice Versus Expert Research.

Source: Journal of College Science Teaching, December 1988/
January 1989.

Author: Metzger, Daniel L.

Title : Electronic Components, Instruments, and
Troubleshooting.

Source: Prentice-Hall Inc., 1981



THE FOLLOWING FIVE PAGES MAKE UP THE PACKET THE STUDENT
RECIEVED
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TROUBLESHOOTING ASSUMPTIONS

1. Assume that the equipment once worked properly.
Design, components and wiring connections are all correct.

2. Assume that only one problem exists.

3. Test equipment and the tested circuit works accord:,; to
theory. If it doesn't seem to, you have overlooked
something.

4. The troubleshooter's time is important. You must
constantly weigh choice of instruments, sequence of
procedures, availability of parts, etc.

TROUBLESHOOTING TIPS

1. Do you know how it is supposed to operate?

2. Do you have a schematic?

3. Is it under warranty?

4. Check the obvious things first.

12



PLC SYiTEM TROUBLESHOOTING WORKSHEET

System Name

Your Name

PLC Program Name

Robot Program Name

I. Review safety procedures,

II. Determine normal system operation.

A. Get the correct documentation

1. Schematic diagram of
2. PLC ladder diagram.
3. Microbot program.
4. Drum data both timer

Initials

the system.

and pneumatic robot.

III. Determine point of system failure.

A. Operate system while viewing PLC in the
monitor mode.

B. Note inputs and outputs.

C. Determine the point at which the system
system deviates from expected sequence.

D. Record results.

13



IV. Analyze data.

A. Compare actual results with expected results.

B. List possible causes of the problem.

C. Determine the most likely cause.

V. Confirm your analysis of failure.

A. Use force mode.

B. Use voltmeter to check for correct voltages.

C. Reload Microbot program?

D. Review drum data.



E. Use space below to note other method you used.

VI. Make the repair.

A. Note your action below.

VII. Verify the repair.

A. Run process viewing PLC in the monitor mode.

B. Compare actual operation with predicted operation.

C. If actual and predicted operation are the same,
consider the repair a success. If a a problem still
exists, redo starting at Step IV.

VIII. Fill out troubleshooting report.



TROUBLESHOOTING REPORT

Date
Name
System
Computer Program Names

1. Describe the problem.

2. Describe your analysis procedure.

3. Corrective action taken.

4. Parts required.

5. Program changes made.

eimml.1.r....,..........0,....11

6. Your Signature.



THE FOLLOWING IS A WORKSHEET USED TO EVALUATE THE STUDENTS AS
THEY PERFORMED THE TROUBLESHOOTING EXERCISE
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PLC TROUBLESHOOTING

PROCESS EVALUATION FORM

1. Students Name(s)

2. Date

3. Start Time

4. End Time

5. Total Time

6. Fault(s) inserted. (One at a time only.)

7. Each found? yes or no List any not found.

B. Statement of evaluation.

Student 1.

Student 2.



THE FOLLOWING PAGES ARE THE MACHINE SPECIFIC REFERENCES
REQUIRED FOR THE STUDENTS TO TROUBLECHOOT THE SYSTEM.



PLC AND PNEUMATIC TROOUBLESHOOTING MODULE

WESTINGHOUSE NUMA-LOGIC LADDER PRINTOUT V5.0 0.101 REF. NO. 0000
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WESTINGHOUSE NUMALOGIC LADDER PRINTOUT V5.0 0002 REF. NO. 0000

0°
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4ESTIIGKIUSE

6

NUMA-LOGIC REGISTER PRINTOUT V5.0 0001 REF. NO.

HP0150 0001 0000 0010 1000
HR0151 0000 0000 0001 0000
HR0152 0000 0000.0000 0100
HR0153 0000 0000 0000 0101
HR0154 0000 0000 0000 0111
HR0155 0100 0000 0100 Oill
HR0155 0000 0000 0000 0101
HR0157 0000 0000 0000 0100
HR0156 0000 0001 0000 1000
HR0159 0000 0000 0000 0000

0006



"_51INGHOULEE NUMA-LOGIC REGISTER FRINTOUT V5.0 0001 RPF. NO. 0000

HR6250 0000 0000 0010 1006
HR0251 0000 0000 0010 1000
HR0252 0000 0000 0010 1000
HR0253 0000 0000 0010 1000
HR0254 0000 0000 0010 1000
HR0255 0000 0000 0010 1000
HR0256 0000 0000 0010 1000
HR0257 0000 0000 0010 1000
HR0256 0000 0000 0010 1000
HR0259 0000 0000 0010 1000



WESTINGHOUSE PLC 900/BRAT 801 CODING FORM
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264 ADVANCED FUNCTIONS

Figure 22-8
Robot Control
Cable Pin

The illustrated robot could be supplied with a PC control package built
in by the robot manufacturer. The next section illustrates how to use your
own PC to interface with the robot shown.

CREATING A PC ROBOT CONTROL SYSTEM

Before programming the PC to control the robot, you must develop a
scheme to connect and interface with PC with the robot. Figure 22-8 shows
the pin connections to the robot and the necessary color code/wire numbers
of the connecting cable. Since the robot uses 110 volts, you need a 110
volt interface I/0 for PC inputs and outputs. If you connect the ground,
and group common connections by direct wiring, the PC needs only 13
output ports. You therefore would choose a 16-output PC output module.

Betow is a listing of the 1/0 numbers and the letter that corresponds to the I/0 on the cable
between the 110 rack and control panel designed for the PC. Also listed are the robot pin # and
the corresponding function.

PC Input # Cable Letter Robot Pin # Robot Function
1 A
2 a
3 C
4 0
5 E
6 F
7 G
a H 22 Aux. Input
9 J 23 Aux. Input
10 K 24 Aux. Input.
11 L 25 Aux. Input
12 M 2 Station 1 Left
13 N 3 Station 2
14 P 4 Station 3
15 o s- Station 4
16 R 6 Station 5

S 7 Common Input

PC Output # Cable Letter Robot Pin 0 Robot Function
17 T 8 . Grip
18 u 10 Elevate
19 V 15 Extend
20 W 11 Rotate CW
21 X 12 Rotate CCW
22 Y 13 Slide Le f t
23 Z 14 Slide Righ t24 a 9 Rotate Grip
25 b 19 Aux. Output
26 c 20 Aux. Output
27 d 21 Aux. Output
28 e
29 f
30 9
31 h
32 j

k 16 Common Output

,44



4 CABLE PIN ASSIGNMENT
CONTACT NO. PIN NO. FUNCTION WIRE COLOR

1 1 GROUND GREEN
2 2 STATION 1 WHITE
3 3 STATION 2 ORNIGE
4 4 STATION 3 SLUE
5 5 STATION 4 RED
e 0 STATION 5 BLACK
7 7

e

COMIACM WHTIRED.r.--m.----
0 ORIP ORD/ORN
2 9 GRIP ROTATE ORN/WHT
10 10 ELEVATION mom(
I I I I ROTATE CLOCKWISE CRO/RED
12

-
12 ROTATE CCV GLUE/RED

13 13 SLIOE LEFT RED/BLK
14 14 SLIDE RIGHT SLUE/WHT
15 15 ARM EXTENSION GLK/RED
le

10 COMMON ORN/WHT/SLK
17 17 INTERLOCK RED/WHT/SLK
IS 10 INTERLOCK

Microbot In-W17---
11HT/BLK

10 10
ORG/GLK

20 20
*IT/RED/9LX

2) 21
ilbe OLK/WHT

BLUEIBLK
22 22

23 23 Of
ORNACK

24 24 Mic ot Out #1
GLK/REDMIHT

25 25
RED/GRN

Pins 13 & 14 are crossed.

110V.for
swltcnes

'NOTE: CONTACTS 11.9.10.11.12.6 14 PASS

THROUGH THE FAULT PANEL.

`NOTE: CONTACTS 110 THRU 25 ARE SPARE

CONTACTS AND CAN OE USED FOR

PERIFERIAL EQUIPMENT OR OPTIONAL
MODULES TO BE CONTROLLED AND

PROGRAMMED BY THE CONTROL CONSOLE.

Microbot Input #
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MICROBOT PROGRAM WITH INIIRFACE I/0

0 HOME

1 Move to wait point

2 Jumo 3,1 (Causes program to loop until PLC activates Microbot movement.)

3 Out #1 (Initiates hold so that the Pneumatic cannot move.)

4 Move above part.

5 Open grip.

6 Get part.

7 Close grip.

8 Raise part.

9 Move part to new position.

10 Down.

11 Open.

12 Up.

13 Out #1 off. (Allows Pneumatic robot to move.).

14 Jump 9,1 (Moves robot to wait point.)

Microbot I/0

Microbot Out #1 = PLC Input #10

Microbot Input #3 = PLC Out #25


